Abstract. Diverse sustainable supplier selection (SSS) methodologies have been suggested by the practitioners in earlier, to find a solution to the SSS problem. A SSS problem fundamentally is a multi-criteria practice. It is a judgment of tactical significance to enterprises. The nature of this decision usually is difficult and unstructured. Optimization practices might be useful tools for these types of decision-making difficulties. During last few years, Differential Evolution has arisen as a dominating tool used for solving a variety of problems arising in numerous fields. In the current study, we present an approach to find a solution to the SSS problem using Differential Evolution in pulp and paper industry. Hence this paper presents a novel approach is to practice Differential Evolution to select the efficient sustainable suppliers providing the maximum fulfillment for the sustainable criteria determined. Finally, an illustrative example on pulp and paper industry validates the application of the present approach.
Introduction
Now days in view of the growing awareness concerning sustainability in business firm, the sustainable supplier selection would be the vital element in the process of managing a sustainable supply chain. Developing an efficient and robust sustainable supply chain (also known as sustainable SCM) is a crucial task for the success of a business firm. One of the most significant factors that help in building a strong sustainable supply chain is the SSS process. It is natural that for a particular product, huge amounts of suppliers/ vendors are available in the market. Now, it is the duty of the purchasing managers to recognize the most suitable clusters of sustainable suppliers for their product. Evaluation plus selection of sustainable suppliers is a complex process and depend on a large number of qualitative as well as quantitative factors to ensure a cost effective model without compromising with the quality.
Differential evolution (DE) algorithm proposed by Stron and Price in 1995 [1]
, It is a population set based evolutionary algorithm that has been applied successfully to a wide range of problems [2, 3, 4, 5, 6] . The motive of this paper is to bring about to SSS approach. In the current research article, DE is used for solving the SSS problem modeled with the help of data envelopment analysis (DEA).
This paper is organized in eight sections. Subsequent to the introduction in Section 1, the SCM in pulp and paper industry, sustainable supplier selection (SSS) in addition to Problem statement and methodology are briefed in Sections 2, 3 and 4 respectively. Section 5 describes the Mathematical Formulation of the Problem with DEA used in this article. Section 6 describes the DE algorithm for SSS. Finally, a discussion and conclusion with summary drawn from the current research article are given in Section 7 and 8.
SCM in Pulp and Paper Industry
The pulp and paper industry produces a great amount of paper as well as cellulose based fibre products. Bulletin papers, copy papers, different kinds of tissue, bottle sticky label, cigarette papers plus coffee filter are just a small number of patterns of the products frequently used in our daily life. There is a huge amount of activity involved in the chain behind these products; such a system of actions is acknowledged as supply chain in management as well as operation research works [7] . The manufacturing of paper can be separated into six main process areas, which are [8] : (1) Wood preparation (2) Pulping (3) Bleaching (4) Chemical recovery (5) Pulp drying (non-integrated mills only) and (6) Papermaking. Fig. 1 presents a flow diagram of the paper manufacturing process in pulp and paper industry. Business organizations are gradually identifying that the effective management of sustainable supply chains is a primary driver of value creation as well as environmental performance. While lots of organizations in the automotive, consumer goods, and electronics industries have exploited the environment concern of SCM, industries in the pulp and paper area are just start to identify the immense scope of the potential future prospects that exist. These industries are categorized by a huge and extremely incorporated supply chain. The entire supply chain starts in the procurement network, carry on through production network, distribution network and finishes by sales network. The fig. 2 presents an easy illustration of the pulp and paper industry supply chain organization with corresponding main SCM level. 
Pulp and Paper CO 2 Emission Sources
The paper products manufacturing companies has a significant and complicated role in the worldwide carbon cycle. Pulp and paper are massive consumers of energy. In fact, the world's fifth-leading consumers of energy is the pulp and paper industry. The World Resources Institute, a body of experts, placed the industry's CO 2 emissions at around 500m tons worldwide in 2005. Rather, European companies are reasonably green. The Confederation of European Paper Industries (CEPI), a trade association, states his associates' emissions were 46m tons in 2011 [9] . Greenhouse gas (GHG) emissions from the pulp and paper source group are most of the part of CO 2 with lesser quantity of CH 4 as well as N 2 O. The GHG emissions allied with the pulp and paper industry's processes can be caused by [10] : (1) The process of burning on-site energies; (2) Non-energy-related emission causes, for example by-product CO 2 emissions from the lime kiln chemical reactions and CH 4 emissions from wastewater treatment and (3) indirect emissions of GHG are related through the off-site production of steam in addition to electricity that are procured by or pass on to the industry.
Environmental concern over the pulp and paper industry has until recently been concentrated on emissions to air and water from pulping, bleaching, and paper making practices. A blend of strategy tools (usually emission ceilings) has reduced emissions to air as well as water from these industries significantly [11] . In this days and age, concern is usually for the sectors effect on external network of pulp and paper supply chain organization (see Fig. 2 ) and its emissions of CO 2 .
Sustainable Supplier Selection (SSS)
Supplier selection is a significant portion of supply chain management (SCM). Supplier selection comprises numerous criteria including price, lead time, quality, speed, delivery performance, reliability, etc and often encompasses the choice of one meanwhile give up the other. The supplier selection practices are comprehensively studied in the literature with multi-criteria decision making models. These models comprise such practices, as the AHP, ANP, CBR, DEA, fuzzy set theory, GA, mathematical programming, SMART, and their hybrid variants. Different researchers have studied the works in the past relating the supplier evaluation and selection problem [12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24] . At the present time, sustainable development has turn out to be a buzzword that acknowledged a lot of attentions in numerous fields like manufacturing [25] , business development [26] , tourism [27] and agriculture [28] . Also, in SCM both academics and general practitioner contemplate the sustainable concerns in their workings. Sustainable SCM is the managing of resources, informations and capital flows, as well as collaboration between firms alongside the supply chain, meanwhile taking into account the objectives from all three dimensions, such as financial, ecological and societal, of sustainable growth derived from client and investor wants [29] . To select the potential suppliers, two focuses comprising significance one is the degree of the selection criteria, and second one is the suppliers' sustainable performance, these two focuses need to be verified with the appropriate decision makers. Therefore, to manage this problem and cope with the imprecision that is be found in the SSS problem, use of Differential evolution (DE) algorithm is explored in this article.
Problem Statement and Methodology
The case study presented in this paper stands a hypothetical paper manufacturer in India (X Company). After verifying a group of criteria in a view point of sustainable merits, some criteria including lead time, quality, price, service quality and CO2 emissions of the delivered products are derived for SSS problem.
In current study we split the criteria in two manners: the input and output criteria. The input criteria are the traditional supplier selection criteria, such as lead time, price and quality of the delivered goods. The output criteria are the service quality and CO2 emission of the product and services. We assume that the service quality and CO2 emission are the output of the examined model. The data is shown in Table I with the supplier's database covering input as well as output criteria of an item provided in the shipment of pulp and paper industry.
In this study, a supplier is considered efficient if the efficiency score is 1 otherwise it is considered as inefficient. Data for Service quality of items is taken from concept of Service quality dimension based on 12 questionnaires including 27 questions given by [30] and for CO 2 Emissions, LOCOG Guidelines on Carbon Emissions of Products and Services -Version 1 [31] is considered.
Methodology
To measure and analyze the relative efficiency of 18 suppliers, we follow a four step methodology: The present model can be carry out for any quantity of suppliers and there is no limitation, by using this model, the company can obtain a recommended combination of efficient suppliers. 1  3  75  187  84  40  2  2  77  195  76  30  3  4  85  272  27  25  4  5  86  236  110  22  5  3  74  287  94  38  6  6  62  242  102  10  7  3  73  168  82  24  8  4  92  396  63  38  9  2  77  144  55  26  10  3  69  137  61  18  11  6  54  142  122  24  12  5  57  196  75  30  13  1  77  247  80  55  14  3  61  148  121  39  15  4  69  294  125  8  16  6  94  249  76  6  17  2  88  121  114  55  18  1  78  269  65  48 5 Mathematical Formulation of the Problem with DEA DEA based method is used for determining the efficiencies of Decision-Making Units (DMUs) on the basis of multiple inputs and outputs [32] . DMU can comprise of business firms, divisions of huge groups such as institution of higher education, schools, hospitals, power plants, police stations, tax offices, prisons, a set of organizations etc. [33, 34, 35, 36] . The DMU well-describe in this research work using input as well as output criteria are as follows:
The performance of DMU is estimated in DEA by the concept of efficiency or productivity, which the proportion of weights sum of outputs (o/p) to the weights sum of (i/p) inputs [37] i.e
The two basic DEA models are the CCR (Charnes, Cooper and Rhodes) model [38] and the BCC (Banker, Charnes and Cooper) model [39] , these two models distinguish on the returns to scale assumed. The former assumes constant returns-toscale whereas the latter assumes variable returns-to-scale [32] . In the current study we use CCR model which is well-defined further down:
Suppose that there are N DMUs and each unit have I input and O outputs then the efficiency of m th unit is achieved by resolving the below model which is presented by Charnes et al [38] . 
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To calculate the efficiency score for each DMU we run the above program run N times. A DMU is considered efficient if the efficiency score is 1 otherwise it is considered as inefficient.
Mathematical Model
Based on the hypothetical statistics stated in Table I 
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Constraints Handling
For the constraint problems various methods have been suggested in literature. A survey of different methods for constraint handling can be found in [40] and [41] . In this paper Pareto-Ranking method is used for handling the constraints [42] .
Parameter Setting for the DE Algorithm
In present research article we have applied DE to solve the DEA based mathematical model. The parameter settings for DE are given in Table-3 . The program is implemented is DEV C++ and all the uniform random number is generated using the inbuilt function rand ( ) in DEV C++. The fitness value is taken as the average fitness value in 30 runs and the program is terminate when reach to Max-Iteration. A buyer (decision maker) can effect an assessment (supplier evaluation) with the ability to choose of weight system. For this purpose with the help of program which is implemented is DEV C++, we intended to generate all the uniform random number (in between 0 to 1) using the inbuilt function rand ( ) in DEV C++, to assist the selection of the weights for input as well as output criteria in a manner to permit the control of the result for the sustainable supplier evaluation and assessment practice.
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Results and Discussions
In the Table-4 results of all DMUs are given. From this Table we can see that the research of efficient SSS practice can acquire a desirable cluster of competent sustainable suppliers 11, 14 and 17 using DE algorithm gives the better solution.
For the current research conducted in 18 suppliers, the results are:
1. Suppliers 11, 14 and 17, the efficiency score is 1 so these suppliers are assumed to be 100% sustainable efficient. 2. Supplier 3 is probably the most inefficient in comparison to all other suppliers. 3. Suppliers 11, 14 and 17 would be the most suitable set of suppliers (or key suppliers). 4. By using this DE algorithm, the business firms can acquire a desirable clusters of competent sustainable suppliers.
5. Combination of suppliers 11, 14 and 17 would be the desirable clusters of competent sustainable suppliers set meanwhile the business firms requiring single-item sustainable suppliers.
In the Table-5 results of all DMUs are given and fig. 3 shows the histogram of all suppliers with their efficiency score. 
Summary
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